This study was conducted with a view to quantifying soil erosion in arid lands of Tunisia. To do this, we have opted to use the RUSLE model based on geographic information systems. By collecting data on rainfall, soils, vegetation, slopes and conservation practices separately as a layer and determining the pixel values for each of these factors, a quantified assessment of erosion in the basin is obtained. The data superposition and computing, following the model equations and protocol, allowed us to know the spatialized water erosion values at the pixel level. For the whole catchment, the study showed values oscillating between 0 and 163 Mgꞏha -1 ꞏyear -1 with an average annual rate of 3 Mgꞏha -1 ꞏyear -1
INTRODUCTION
Soil erosion is a serious problem that constrains planners in all countries. The loss of arable and even fallow land is often a loss of richness and resources for the people who live there. It is for this reason that the concern to quantify soil erosion is still topical among decision-makers when choosing conservation techniques. Among the first models to fill this gap is the USLE (universal soil loss equation) model introduced by the U.S. Department of Agriculture (USDA) [WISCHMEIER, SMITH 1965] . Later it was revised [RENARD et al. 1997] and renamed to RUSLE (revised universal soil loss equation). This model has benefited from constant improvements by the initiators but also by the users who are always looking for more precision and realism in the calculation of the various factors. Thus, the rainfall erosivity factor (R) for rain aggressiveness has seen a multiplication of formulas designed to replace the initial formula, which is difficult to apply under all conditions. Similarly, the topographic factor (LS) has seen improvements to account for other water behaviour outside of sheet erosion. Tunisia is known as a land of water erosion and attempts to quantify it have not ceased multiplying [ANDERSSON 2010; AVENARD 1965; CORMARY, MASSON 1964; JEBARI 2008; JEBARI et al. 2009; 2010; MASSON 1971; ZANTE et al. 2003] . If the northern regions of Tunisia have benefited from some studies using the RUSLE model, the arid regions have not known such studies to our knowledge despite the real advantages of having quantified studies available. The arid regions, in spite of the weakness, the short and violent character of their precipitations, have very remarkable erosion phases as the field inspection shows. This has led us to attempt to quantify soil erosion in these areas using the RUSLE model based on GIS. 
STUDY AREA
The Bedour catchment is located in central Tunisia between 9°38'E to 9°49'E and 34°36'N to 34°29'N ( Fig. 1,  Fig. 2) . It corresponds to a depression surrounded by mountainous reliefs (Fig. 3) : the Bouhedma-Boudouaou chain to the West, the Chaabita-Chetatil jebels to the South, the Jebel Njilet to the South-West and by Kef Nsour to the North. The altitudes are between 130 and 160 m in most of the central plain and attain 774 m in the relief surrounding the catchment. The outcropping terrains are Cretaceous limestone and marl in the small relief of the North of the basin. In the West, the relief of Boudouaou is composed of Cretaceous limestone, marl and clay, tertiary sandstone and 
MATERIALS AND METHODS
The RUSLE soil erosion quantification and assessment model is based on 5 independent factors whose calculation in simple multiplication allows to obtain the total annual soil loss rate (A): Fig. 4 : ), R = rainfall erosivity factor, K = soil erodibility factor, C = crop cover factor, P = practice support factor, LS = topography factor.
Methodology of flow chart is shown in the Figure 4 . The rainfall erosivity factor (R): this factor means the kinetic energy delivered during rainy periods and volume of water mobilized for runoff. The higher is rainstorm intensity, the greater is the erosion potential. The R factor initially presented by WISCHMEIER and SMITH [1978] is the product of the kinetic energy of a storm and its maximum intensity during an interval of 30 minutes: However, the conditions required by this equation are rarely available and need high-resolution data. This is why and since the constraints posed by this equation many RUSLE users have proposed alternative formulas. Some of them are founded on the annual rainfall average. Others, however, are based on the monthly average. After tests of several of these formulas, we opted for use of the Fournier index modified by ARNOLDUS [1980] (Modified Fournier Index -MFI) (Eq. 3). This choice was made to prevent values overestimation and to allow potential comparisons.
∑
Where: Pi = the monthly rainfall average, P = the annual average.
Soil erodibility factor (K):
K factor means the erodibility of soils in a particular region. The K factor defined by WISCHMEIER and SMITH [1978] is based on soil texture, organic matter quantity and porosity: In this study, we used the soil map provided by the national "Carte Agricole" project of the Ministry of Agriculture [2001] . After extracting soil map polygons, we assigned the values of K from literature in the region.
Crop management factor (C): C factor means the ability of vegetation cover to reduce soil erosion. It ranges from 0 (total protection) to 1 (no protection). Values are assigned from RUSLE tables or other based on plots experimental studies. In this study, we performed a supervised classification of the 10 m resolution Sentinel 2 image (downloadable from Copernicus Open Access Hub [undated] ) to extract a land use map. C values were then assigned according to the tables used in regional and international studies.
Conservation practice factor (P): P factor means the role of conservation practices in reducing soil erosion. It vary from 0 (total protection) to 1 (no protection). In this Fig. 4 . Methodology flow chart; L = slope length factor, S = steepness factor, R = rainfall erosivity factor, K = soil erodibility factor, C = crop management factor, P = conservation practice factor, LS = slope length and steepness factor; source: own elaboration Slop length and steepness factor (LS): LS factor means the role of the slope length (L) and its steepness (S) in soil erosion. To obtain the LS value map we applied the following equations (MCCOOL et al. [1987] ; DESMET and GOVERS [1996] ):
Where: At the end of this part, we would like to notice that working with a 12 m DEM and 10 m satellite image seems to be optimal for this kind of work. Larger than this resolution, processing data especially merging polygons would require a lot of memory resources and computing capacity.
RESULTS AND DISCUSSION
R factor: the data used in this study are records of 10 years from 2002 to 2011. This choice was determined by the numerous gaps in rainfall data at the different stations. The only years where there are no gaps in all stations are those selected for this study (Tab. 1). The R factor calculated for the 5 rain weather stations neighbouring the Bedour watershed shows, after extraction, a gradient of values evolving between 21.43 and 21.88 MJꞏmmꞏha (Table 2) . Then come the calcareous soils and the rendzines with respectively 23.7 and 23.37%. Afterwards we find the less evoluated soils with 17.7% and the complex soils with 12.55% (Fig. 6) . . K factor in the study area; source: own elaboration C factor: the C factor in the Bedour catchment shows three classes of values: bare land (C = 1) represents 34% of the watershed. The land covered by young olive trees and fruit trees, often spaced apart due to insufficient rainfall (C = 0.9), occupies 45% of the total surface. Intensively cultivated plots (cereals, vegetables, drop by drop irrigation, legumes, etc.) or well-preserved tufts of natural vegetation (C: 0.4) cover 19% (Tab. 3, Fig. 7) . Fig. 7 . C factor in the study area; source: own elaboration LS factor: the LS factor in the Bedour basin shows values between 0 and 155. Most of the land in the catchment (65%) is less than 1. 33% of the lands are between 1 and 5. Land with LS values above 5 represents only 1.44% (Fig. 8) . Fig. 8 . LS factor in the study area; source: own elaboration P factor: In the Bedour watershed, the water and soil conservation practices used are essentially contour benches. The efficiency of this practice varies according to the slope value (Tab. 4). We applied the values cited in SHIN [1999] for contouring (Fig. 9) .
The contour benches are completely useless on slopes higher than 26% (P = 1) which represent 12.48% of the basin. They become more efficacious as the slope weakens. While the commonly used classification shows that most of the land is in the low erosion class, a second classification according to the MASSON [1971] classification for the erosion conditions of semi-arid lands in Tunisia has been realized to examine the details of these percentages (Fig. 12 , Tab. 6). . 122 ha (1.12%) have rates between 5 and 10 Mgꞏha -1 ꞏyear -1 . The highest rates in the basin, i.e. above 10 Mgꞏha -1 ꞏyear -1 , concern 11.28 ha or 0.1% of the land.
The spatial distribution shows that: -the mountainous areas in the western part of the basin are the sectors that suffer most from soil loss and that's because they record the highest values of the watershed; they correspond in fact either to areas made up of bare rock or poor soils with a high erodibility factor; these are the slopes of Bou Douaou mountain where clay, sand and marl banks are omnipresent (Fig. 10) ; -the zones corresponding to the small reliefs bordering the basin of the North sides and especially the SouthEast and South sides are experiencing erosion due to the soft rocks (clays and gypsum) and poor vegetation cover; -streambeds represent areas of moderate erosion due to soft and friable materials that cover them in addition to the role of grazing in these areas. The soil loss map is very close to the LS factor map. Because steep slopes are the first erosion factor in our study watershed. The importance of protection in arid zone basins is also demonstrated since the maximum RUSLE value rises to 181 Mgꞏha -1 in the case where the P factor is not computed.
The comparison with the few studies realized in Tunisia shows that the annual erosion rate increases with the latitude i.e. with the increase in rainfall. This study is among the rare studies conducted out in the arid zones of Tunisia. It shows that the R factor is the first determinant in the final erosion rate.
The comparison with studies realized in neighbouring regions in Tunisia or in other regions of North Africa assumes that the different studies used similar formulas. However, it should be noted that while the number of studies using the RUSLE model is important, the methodologies used are very varied, especially concerning the choice of R factor and the K factor equations, which makes the results comparison insignificant. Both of these factors must be considered very carefully if results are to be compared over time or space. In this study, all cases cited have K factor values similar to our area and R values normally increasing with latitude where precipitation is more abundant going northward. Thus, ZANTE et al. [2003] At the end of our work, and to verify the accuracy of the results of the used model, we attempted to choose a number of pixels from the final erosion map of RUSLE. Then with their GPS coordinates, we examined them on field. Overall, the pixels selected do correspond to areas of potential erosion and the presence of gullies in most cases supports this idea (Tab. 7). 
CONCLUSIONS
The study conducted in the Bedour watershed showed that the arid regions of Tunisia, despite their low annual rainfall totals, are experiencing significant rates of water erosion. In addition to the usual gullying, this is manifested in a loss by sheet erosion demonstrated here by the RUSLE model. The use of a 12 m DEM at the base of the work allows an appropriate and even an optimal level of precision for the quantification of erosion at the pixel level. On the other side, to avoid any overestimation of the R factor values, we opted for the use of the modified Fournier index. The superposition of the different layers of the model allowed us to compute the different parameters and to obtain an annual rate oscillating between 0 and 163 Mgꞏha -1 ꞏyear -1 with an average rate of 3 Mgꞏha -1 ꞏyear -1 . The spatial distribution of erosion shows that the slopes that are often denuded and devoid of any management or crops are the most affected by erosion in the study area. While the plains, which constitute the major part of the watershed, experience a low erosion often less than 2 Mgꞏha -1 ꞏyear -1 due mainly to the widespread protection action encouraged by the authorities. It is also shown that this protection is relatively effective since it saves the lands of the basin from erosion that can be much higher. The comparison with previous studies done in Tunisia concluded that the results obtained here are in consistent with some studies that used similar formulas if we take into account the normal variation of the R factor.
